This clinical report describes the management of a patient who was diagnosed with amniotic band sequence (ABS) complicated with severe skeletal malocclusion, associated with severe muscle weakness. The patient was a 23-year-old male who underwent treatment in our hospital to improve chewing, phonation, and swallowing difficulties caused by severe abnormality of the maxillofacial skeleton. We evaluated chewing, swallowing and language functions preoperatively, and started muscle function and oral rehabilitation therapy. We performed 2-jaw osteotomy after preoperative orthodontic treatment. The patient continued with postoperative orthodontic treatment and oral rehabilitation. Postoperatively, the patient showed improved maxillofacial morphology, but was unable to attain sufficient improvement of masticatory and language functions due to atrophy and poor development of the masticatory muscles. These results suggest that obtaining sufficient therapeutic effect on oral functions is not possible if the masticatory muscles are not sufficiently strong due to atrophy or hypoplasia.
Introduction
Amniotic band sequence (ABS) is caused by rupture of the amniotic membrane in the early embryonic stage, * Corresponding author.
with insufficient amniotic fluid leading to the formation of cord-like structures that can create a variety of malformations in the fetus [1] [2] . This syndrome is sporadic, reportedly occurring in approximately 1 in 12,000 -15,000 live births [3] . The clinical manifestations of ABS vary from death secondary to disruption of the umbilical cord or anencephaly, to amputations of extremities, facial cleft or lymphedema [4] - [7] .
We encountered a case of ABS in which the patient exhibited severe skeletal dysfunction associated with muscle weakness. To the best of our knowledge, this represents the first case of ABS described in the literature characterized by severe skeletal malocclusion and managed by 2-jaw osteotomy with pre-and postoperative functional evaluations.
Case Report
A 23-year-old man was referred to our department complaining of severe masticatory, language and swallowing dysfunctions due to abnormalities of the maxillofacial skeleton. His medical history included ABS and congenital nasopharyngeal regurgitation. His family history was unremarkable. He had been diagnosed with ABS at 1 year old and underwent a pharyngeal flap operation in a hospital of plastic surgery. He then visited our hospital in April 1992 for the treatment of feeding and phonate difficulties, and started orthodontic treatment in July 2009.
Preoperative extraoral examination showed reversed occlusion and deformation of the facial appearance ( Figure 1, Figure 2 ). In addition, constriction bands and deformation of the limbs were identified (Figure 3) . Preoperative intraoral findings exhibited the angle class two malocclusion and severe skeletal open bite ( Figure  2) . The patient could not speak his lines smoothly and maintain a closed position of the jaws due to weakness of the masticatory muscles. Preoperative cephalometric analysis showed poor growth of the maxilla and false mandibular prognathism ( Table 1) . MRI showed atrophy of the masticatory muscles (Figure 4) . Severe muscle weakness induced poor development of the mandibular ramus, resulting in severe open bite ( Figure 5) . We therefore attempted to achieve functional recovery using muscle function therapy pre-and postoperatively. We performed Lefort type I osteotomy and mandibular sagittal splitting osteotomy under general anesthesia in May 2010. We placed two bone screws on the maxilla and mandible and performed inter-maxillary fixation for 1 week from postoperative day 2. Since preservation of the teeth was a key consideration, ideal overbite was not apparent on postoperative intraoral examination. With the release of intermaxillary fixation, occlusion was not stable. We performed objective therapeutic evaluations before and after surgery using electromyography (EMG) and tests of masticatory and language functions.
EMG was carried out for the left and right masseter muscles and anterior and posterior areas of temporalis muscle at maximum clenching in the intercuspal position, using an MP100 system (BIOPACK System, CA, USA) at a frequency of 1 kHz. Dedicated software (AcqKowledge ® version 3.2.7.; BIOPACK System) was used for analysis. EMG findings showed no significant changes in voluntary muscle activity of jaw-closing between before and after surgery ( Figure 6 ). Masticatory function was assessed using an evaluation sheet for chewing function [8] . Preoperative functional score improved from 10% to 45% after surgery ( Table 2) . Figure 6 . No significant changes in voluntary muscle activity for closing the jaws were seen between before and after surgery according to EMG. Speech function was assessed using the standard Japanese language test and conversation intelligibility test. The standard Japanese language test was carried out in Japanese. Each patient was instructed to pronounce 100 syllables in front of the recorder. The five listeners transcribed the sounds produced by the patient as the Japanese syllables they believed they had heard. The overall intelligibility score was expressed as the mean percentage of correct responses for all five listeners [9] . Scores were also assessed on the basis of articulatory points, divided into six groups: bilabial; dental-alveolar; palatal-alveolar; palatal; velar; and glottal sounds.
In the Japanese intelligibility speech test for 100 syllables, the overall percentage of correct answers improved from 22.4% preoperatively to 26.4% postoperatively. In terms by articulation, dental-alveolar, alveolar and velar sounds showed the greatest improvements ( Table 3) .
In the conversation intelligibility test, healthy five individuals listened to the conversation of the patient, then provided evaluations using a 5-point rating score, with higher score indicating less clear contents of the conversation. Conversation intelligibility test results improved from 3.6 to 2.8. Craniofacial morphology improved with 2-jaw osteotomy, but the patient did not show sufficient functional recovery.
Discussion
Even though the mechanisms causing ABS remain unclear, the most widely accepted theory is that rupture of the amniotic sac early in pregnancy results in the formation of fibrous bands of mesoderm originating from the chorionic side of the amnion. These bands then disrupt growth when they become entangled with the fetus. ABS is a sporadic condition that occurs in approximately one in 12,000 -15,000 births [1] - [3] .
Although the precise mechanism for development of oro-facial anomalies associated with amniotic band syndrome is not fully understood, two main theories of the pathogenesis of ammonic band syndrome namely the extrinsic model and intrinsic model [6] [7] . The extrinsic model holds that an early rupture of the ammonic sac causes the formation of amniochorionic mesodermal bands leading to the development of amniotic construction band. Early rupture may decrease amniotic fluid, causing the compressive consequences of early constraint, such as scoliosis and clubfoot. Additionally, and more severely, a vascular disruption can result from the early rupture, leading to facial clefts and limb reduction with body-wall defect. The intrinsic model holds that an intrinsic, germline developmental abnormality is responsible for the development of amniotic construction band. This theory is often used to explain major craniofacial abnormalities, body-wall defects, and internal organ abnormalities. While other theories may be more convincing in their ability to explain extremity abnormalities, the intrinsic model remains a popular means of explaining the central abnormalities. Morphological abnormalities of this disease abound, and depend on the time of rupture of the amniotic membrane. Therefore, each of the theories better explains a subset of ABS cases, reflecting that ABS is etiologically heterogeneous.
In our case, the patient exhibited a false mandibular prognathism caused by poor growth of the maxilla. The patient showed dysfunction of the masticatory muscles on the initial visit to our hospital and we conducted functional recovery therapy for muscle function both before and after surgery. We evaluated the therapeutic effects objectively pre-and postoperatively using EMG and tests of masticatory and language functions. EMG results showed no significant change between before and after surgery. Preoperative functional score was 10%, improving to 45% after surgery ( Table 2) . With the Japanese 100-syllable intelligibility speech test, the overall percentage of correct answers improved from 22.4% to 26.4%. In terms of articulation, sibilant, alveolar and velar sounds were the most improved ( Table 3) . Results of the conversation intelligibility test improved from 3.6 preoperatively to 2.8 postoperatively. Craniofacial morphology improved with the 2-jaw osteotomy, but the patient did not achieve adequate functional recovery. This was attributed to poor growth and atrophy of the masticatory muscles as seen on MRI. Sufficient activation of the muscles of mastication in rehabilitation may not be achievable beyond a certain threshold of atrophy. Because the maxillofacial skeleton was improved with orthgnathic surgery, postoperative function of the surrounding masticatory muscles was not improved.
Conclusion
This represents the first report of osteotomy using pre-and postoperative muscle functional therapy in a patient with ABS. The craniofacial morphology was improved with orthognathic surgery, but careful observation of the stability of postoperative occlusion will be needed due to the inadequate muscle activity of the masticatory muscles.
